treatment for colorectal cancer patients with advanced acute obstruction, high emergent surgical risk, multiple transfer rate, and/or in poor general health. [4] However, postoperative complications and in-stent restenosis caused by tumor ingrowth are major problems for patients undergoing stent displacement. [4] [5] [6] However, conventional stents made from metal materials only meet the requirements of mechanical expansion and temporary treatment. [5, 6] Therefore, development of new intestinal stents with good biocompatibility, degradability, and drug delivery functions is of particular importance. [7] The concept of this type of intestinal stent with drug delivery functions is shown in Figure 1 , where the stenosis site can be expanded and the tumor site can be locally treated by drugs released from the stent.
Introduction
Colon and rectal cancer (CRC) is one of the most serious cancers in terms of both incidence and mortality globally. [1] Intestinal obstruction and stenosis are main symptoms of CRC patients, with mortality over 80-90% within five years without effective treatment. [2, 3] In the clinic, stent placement in combination with radio-chemotherapy is an effective palliative than pure 5-FU due to the sustainable drug releasing property of the coated membranes on the stent. [2, 3] A 5-FU/paclitaxel loaded esophageal stent was also developed for the treatment of esophageal cancer and these treatment modalities were evaluated in vivo after implantation into the porcine esophagus. [10] These results illustrated that the drug-loaded stents had a dual function as a local drug delivery device, which provided potential treatment with high efficacy and reduced systematic toxicity for the treatment of esophageal cancer.
Combination therapy uses more than one medication or modality, with the major benefit of reduction in development of drug resistance, since a pathogen or tumor is less likely to have resistance to multiple drugs simultaneously. New evidence suggests that the combined use of chemopreventive agents has an inhibitory effect on CRC. [11] Curcumin (diferuloylmethane, 1,7-bis(4-hydroxy-3-methoxy-phenyl)-1,6-heptadiene-3,5-dione) (CUR), obtained from the spice turmeric, exhibits numerous biological activities including antitumor, anti-inflammation, and antiangiogenesis, as well as inhibiting the proliferation and metastasis of CRC. [12] However, CUR possesses poor water solubility and low bioavailability in vivo, which limited clinical applications. One strategy to address this problem is to combine CUR with 5-FU, and recent studies have demonstrated the coordinative and improved antitumor effect of CUR and 5-FU in chemotherapeutic treatment. [13] Toden et al. [13] carried out an in vitro and in vivo study to examine the effects of CUR and 5-FU individually, and in combination. Both CUR and 5-FU were dissolved in dimethyl sulfoxide and diluted to appropriate concentrations with tissue culture medium, and then intraperitoneally injected into mice daily for 40 days. The results demonstrated that CUR-mediated sensitization to 5-FU in CRC cells occurred through the suppression of the epithelial-mesenchymal transition and polycomb repressive complex, which are regulated by microRNAs. This finding provided evidence for the use of CUR as an adjunct to 5-FU-based chemotherapy in CRC. However, this is still a traditional chemotherapeutic treatment in which the disadvantages of the dual drugs were illustrated. The development of a new drug delivery system in which CUR and 5-FU are incorporated and function simultaneously, with a goal toward biomedical device needs, was the focus of the present study. Our hypothesis was that the combined use of the two drugs may not only improve the utilization, sensitivity, and antitumor effect of the device, but also reduce the side effects of 5-FU.
Various biodegradable and nondegradable polymeric materials have been used to coat the stent surface and to serve as drug carriers to locally deliver drugs to achieve a controlled and prolonged release of the drugs. Nanomaterials in forms of nanofibers, nanoparticles, nanotubes, etc., could offer a new avenue for the improvement of current stent technology. However, coating stent surfaces with polymeric drug carriers raises concerns regarding biocompatibility, sterility, or potential induction of inflammation. Currently, non-biodegradable polymers being used include phosphorylcholine polymer, C10, C19, and polyvinyl pyrrolidone, parylene C, polyethylene-co-vinyl acetate, poly n-butyl methacrylate (PBMA), poly(styrene-b-isobutyleneb-styrene), polyvinylidene fluoride hexafluoropropylene, etc. [14] Biodegradable polymers consist of poly-L-lactide, polyvinyl pyrrolidone, poly lactide-cocaprolactone, poly lactide-co-glycolide, poly-L-lactic acid, etc. Currently, the use of biodegradable polymers is behind non-degradable polymers and no such devices have yet been approved by the Food and Drug Administration (FDA). New biodegradable polymers with demonstrated biodegradability, biocompability, toxicity, and controlled drug release properties need to be explored for improving stent technology.
Silk fibroin (SF), a natural protein polymer with excellent processability, mechanical properties, biocompatibility, and biodegradability, has been studied for many biomedical uses. [15, 16] SF can be processed into fibers, gels, membranes, micro/nanoparticles, and porous scaffolds, which have been used in tissue engineering, [16] [17] [18] [19] enzyme immobilization, and drug controlled release. [20] [21] [22] The biosafety and biocompatibility of SF has been demonstrated in previous studies, [23, 24] as well Figure 1 . Schematic of mechanism and process of drug-loaded stent deployment and function for the treatment of colorectal cancer: A) deflated balloon catheter and compressed drug-loaded stent are inserted into the stenosis site; B) inflated balloon expands the stent and compresses the tumor to restore the intestinal lumen; C) stent-widened intestine; D,E) the drugs are released from the coating membrane and the tumor is treated locally and effectively.
www.advancedsciencenews.com www.advhealthmat.de as in FDA approved medical devices. SF can also carry and release CUR effectively during enzymatic digestion. [20, 25, 26] Electrospinning technology has been widely used to fabricate microfibrous or nanofibrous materials for drug delivery applications. [25] [26] [27] [28] [29] Importantly, poorly water-soluble drugs loaded into water-soluble and water-insoluble fibrous SF fibers using electrospinning can be useful in tissue engineering and topical drug administration goals. [26, 30, 31] The aim of the present study was to develop a surface-modified biodegradable stent. The tubular stent was weft-knitted with polydioxanone (PDO) monofilament and SF multifilament to provide desired mechanical strength and degradation, while the surface of the resulting stent was coated with an electrospun SF-based fibrous membrane that has combinedtherapy drugs, i.e., CUR and 5-FU, being encapsulated. The concentrations of the two drugs dissolved in the SF spinning solution were optimized to achieve high drug loadings in the electrospun membrane. The morphology, secondary structure, and in vitro drug release properties of the coated membranes were analyzed. The antitumor efficacy was assessed in vitro and in vivo using the human colorectal cancer cell line HCT116, normal human colon mucosal epithelial cell line NCM460, and tumor-bearing BALB/c nude mice.
Results and Discussion

Morphology of Membrane Nanofibers
The surface morphology of the fibrous membranes and the diameter distribution of the fibers were observed by scanning electron microscopy (SEM) and optical microscopy, respectively (Figure 2A,B) . The SF/poly(ethyleneglycol) (PEG) membranes showed smaller (1.45 ± 0.41 µm) and homogeneously distributed fiber diameters compared to the pure SF membrane. Some beads were associated with the pure SF fibers. The electrospinning process generated smooth fibers, likely due to the addition of PEG-400 which increased the viscosity of the spinning solution, which is beneficial for the formation of uniform fibrous structure. These average diameters of the fibers in the drug-loaded membranes were higher than in the SF and SF/ PEG membranes without the drugs, due to the addition of CUR/5-FU. The viscosity of spinning solutions decreased with increased content of CUR/5-FU. Since surface tension of the spinning cone increases with a decrease in the viscosity, either this factor or viscosity played a role in determining the diameter of the electrospun fibers. [32] However, the electrical conductivity of spinning solutions increased with increase content of CUR/5-FU. Increasing the electrical conductivity of spinning solutions can promote decreased fiber diameter. The diameter of the fibers decreased from 2.74 ± 0.77 µm to 1.73 ± 0.54 µm, when the drug loading of CUR/5-FU was increased to 0.3 and 0.5 wt%, respectively. While the drug loading of CUR and 5-FU increased to 0.45 and 0.75 wt%, the diameter of the fibers increased to 4.63 ± 1.77 µm. The fiber beads, irregular shape, and uneven distribution of diameters of the fibers were observed in the membranes with the high drug loadings, likely due to insoluble drug particles in the spinning solutions and the increased surface tension of the spinning solution. [2] 
Structural Analysis
Characteristic peaks for silk I structure around 1652 cm −1 (Amide I), 1543 cm −1 (Amide II), 1242 cm −1 (Amide III), and 669 cm −1 (Amide V), and silk II peaks around 1626 cm −1 (Amide I), 1532 cm −1 (Amide II), 1236 cm −1 (Amide III), and 696 cm −1 (Amide V) were reported previously. [33, 34] As shown in Figure 3B , the major peaks at 1542.3 and 1648.2 cm −1 that accompany α-helix and random coil structures were found in SF membranes (curve a). The characteristic peaks at 1520.7 and 1629.5 cm −1 indicated the presence of β-sheet structure in the SF/PEG membrane (curve b). This is consistent with our previous observations that addition of PEG-400 promoted a structural transformation from α-helix and random coil dominated material to β-sheet dominated structure in the material. [35] For the drug-loaded membranes of 0.15/0.25, 0.3/0.5, and 0.45/0.75% by weight of CUR/5-FU (curves c-e), the characteristic peaks of CUR at 1447.5, 1170.6, and 955.1 cm −1 , and 5-FU at 2932.7, 2875.7, 1423.4, and 551.9 cm −1 were identified, suggesting that the dual drugs were encapsulated in the membranes with chemical structures still present. The result also revealed that the addition of drugs did not influence the secondary structures of SF.
The secondary structures of SF (a) and SF/PEG (b) membranes were mainly alpha helical, with a higher content than that in the drug-loaded SF membranes (c-e) (*P < 0.05) ( Figure 3C ). The beta sheet content of the drug-loaded SF membranes was significantly higher than that of the control group SF (a) and SF/PEG (b) (**P < 0.01), indicating that drug loading promoted the formation of beta sheet. The beta sheet content in the drug loaded membranes reached 40.44% when the proportion of CUR/5-FU was increased to 0.3/0.5 wt%, significantly higher than that of 0.15/0.25 wt% group c (34.23%) and 0.45/0.75 wt% group e (34.73%). This increase was likely because the hydrophobic CUR binds to the hydrophobic region of SF, which induced the secondary structure of SF to transition to beta sheet, with the main structure of the drug-loaded membrane as silk II after adding CUR/5-FU. This is consistent with the X-ray diffraction (XRD) analysis ( Figure 3D ). The content of beta sheet increased from 34.23% to 40.44% when the proportion of CUR/5-FU was increased from 0.15/0.25 wt% (c) to 0.3/0.5 wt% (d). However, as the drug concentration was increased, the content of beta sheet decreased, possibly due to the negative effect of increase of 5-FU loading content that easily binds to the hydrophilic region of SF.
According to previous studies on SF crystal structures using wide angle X-ray diffraction (WAXD) analysis, the main reflection peaks located at 12.1°, 19.8°, 24.1°, 28.5°, and 33.3° were ascribed to the silk I structure, and those located at 9.1°, 18.8°, and 20.5° were ascribed to the silk II structure. [16] Figure 3D shows the transition of the reflection peak at 23.1° in the SF membrane to 20.1° in the SF/ PEG membrane, indicating that the addition of PEG-400 induced the transformation of SF membrane from silk I to silk II structure, consistent with the Fourier transform infrared spectroscopy (FT-IR) observations. The reflection peaks of three CUR/5-FU loaded membranes were all at 20.7°, demonstrating the presence of silk II structure. Thus, in line with the FT-IR observations, the X-ray diffraction data confirmed www.advancedsciencenews.com www.advhealthmat.de that the incorporation of the dual drugs in the membrane did not significantly influence the secondary structure and crystallization of the SF in the membranes. Maintenance of a high content of crystalline β-sheet structure would increase mechanical strength, sustain drug release, and prevent material degradation, thus benefit in vivo applications. www.advancedsciencenews.com www.advhealthmat.de
Pore Size Distribution of Membranes
The pore size of a membrane is important for fluid permeability and cellular behavior. Pores provide sufficient space for cells ingrowth, thus promoting the release of drugs from the interface of the material into the surrounding tissues. [36] According to literatures, there is a close relationship between fiber diameter and pore size distribution. [37] The pore size distributions of electrospun membranes were examined using capillary flow porometry ( Figure 3E ). The smallest pore size and fiber diameter of the SF/PEG membranes were 23.1 ± 0.5 µm and 1.45 ± 0.41 µm, respectively. With the increase of drug loading from 0.15/0.25 wt% to 0.3/0.5 wt%, the pore size and fiber diameter of the CUR/5-FU membranes increased from 24.2 ± 0.5 µm and 1.73 ± 0.54 µm to 31.1 ± 0.5 µm and 2.75 ± 0.78 µm, respectively. When the drug loadings were increased to 0.45/0.75 wt%, the pore size and fiber diameter of the membranes increased to 42.7 ± 0.5 µm and 4.63 ± 1.77 µm, respectively, but beads and uneven fiber structure were found in the membranes, consistent with reports in the literature. [37] 
Hydrophilic Test
The hydrophilicity of drug-loaded membranes is important because drug delivery often comes in contact with various biological fluids during use. [38, 39] CUR/5-FU in the hydrophilic drug-loaded membranes distributed readily in the extracellular matrix and diffused efficiently through intercellular spaces, so releasing antitumor drugs after arrival at tumor sites can significantly facilitate deep tumor penetration. [40] As shown in Figure 3A and data given in Table 1 , the SF membrane showed a hydrophobic surface with a water contact angle (WCA) of 134.4° ± 0.2° at the beginning of analysis, and the WCA gradually decreased as the contact time was prolonged. By contrast, the SF/PEG membranes showed a hydrophilic surface with a contact angle of 63.9° ± 0.5° at the beginning of the analysis, and the WCA decreased to 41.3° ± 0.5° after 20 s, much lower than the pure SF membrane. This result indicated that the addition of PEG-400 improved hydrophilicity of the membranes. The CUR/5-FU loaded membrane showed a more hydrophobic surface as compared to the pure SF and SF/PEG membranes, indicating that the addition of CUR, which is hydrophobic, increased hydrophobicity of the drug-loaded membranes, consistent with that reported in the literatures. [42, 43] Such hydrophilicity is useful for the in vivo applications of stents because drug-loaded membranes provide novel hydrophilic drug delivery with improved functional properties, such as mucus permeation and improved cellular uptake, which lead to a raised bioavailability of the hydrophilic drug in the loaded membranes. [41] 2.5. Drug Release
As shown in Figure 2C , the concentrations of the dual drugs in the release medium increased with the increase of drug loading in the membranes. The cumulative release rate increased with increased loading of CUR and 5-FU in the membranes. The drug-loaded membranes showed a fast release profile within 72 h and then release remained stable during 210-400 h. Particularly, the cumulative release of 5-FU reached 95.63% at 96 h, while the CUR reached this percentage at 210 h. This is due to the water solubility of 5-FU, which is higher than that of CUR. For all three membranes with different drug loadings, CUR and 5-FU were completely released within 400 h. It is likely that the fast release at the beginning was due to the diffusion of free drug from the nanofibrous membranes, while residual drugs inside the membranes were responsible for the sustained release along with the material degradation. [44, 45] 
In Vitro Antitumor Capability and Cytotoxicity of Drug-Loaded Membranes
In order to evaluate the time-dependent in vitro antitumor effect of the CUR/5-FU loaded membranes, HCT116 cells were treated with pure drugs at their IC 50 concentration or drug-loaded membranes for 120 h, and cell viabilities were determined at different time points ( Figure 4A) . After 12 h, cell viability of the 5-FU group was lower than those of CUR and CUR/5-FU groups. This could partly be because the addition of CUR reduced the inhibitive effect of 5-FU on HCT116 cells during the initial stages of exposure. As the treatments prolonged, the viability of HCT116 cells for the CUR, 5-FU, and CUR/5-FU pure drug groups decreased rapidly, likely due to increased drug uptake efficiency by the cells. [46, 47] After 120 h treatment, cell viabilities of these groups were 50.01%, 50.02%, and 21.72%, respectively. The group of drug-loaded (0.3/0.5 wt%) membranes exhibited a more rapid decrease of cell viability as compared to the pure drug groups, with 8.70 ± 0.39% after 120 h treatment, significantly lower than that of CUR/5-FU pure drug group (21.26 ± 0.90%) at the same time point (P < 0.05). These results suggested that the drug-encapsulated SF membranes exhibited more efficient and more sustained antitumor effects as compared to the pure drugs, likely due to the stable and long term exposure of drugs in the drug-loaded membrane groups. The long-term in vitro toxic effects of CUR/5-FU loaded membranes were evaluated using noncancerous NCM460 cells. As shown in Figure 4B , the trend of cell viability change of NCM460 cells treated with experimental samples was similar to that of HCT116 cells. NCM460 cells cocultured with the SF groups exhibited normal growth after cell adhesion, and the cell viability was close to the level of the control group. For drugloaded (0.3/0.5 wt%) membranes, cell viability narrowed to 9.99 ± 0.99% at 120 h from 48.03 ± 0.91% at 12 h because of slow and controlled release of CUR/5-FU.
Cell Cycle and Apoptosis Analysis
Cell cycle anomalies induced by DNA replication errors are often observed in different types of cell damage. [48] DNA damage caused by chemodrugs, such as 5-FU, interrupt cell cycle progression, leading to S phase arrest. [49] HCT116 cells treated with the CUR/5-FU combination treatment had a higher percentage of S phase cells (35.63%) as compared to the single treatment group (CUR: 31.52% and 5-FU: 33.45%) after 24 h treatment ( Figure 4C ). This result indicated a synergistic effect of the combination treatment, which might have promoted S phase arrest. CUR/5-FU 0.3/0.5 wt% membrane treatment induced a stronger effect as compared to the solution combination treatment, with the percentage of S phase cells reaching 54.69% after 48 h of treatment. These data suggested that the drug-loaded SF membranes had a higher antitumor effect as compared to the control group of drugs in a soluble form, demonstrating the capability of SF material as a carrier to provide controlled drug release. The effect of CUR and 5-FU on the cell cycle of NCM460 cells was also determined. NCM460 cells ( Figure 4D ) showed S phase arrest after 48 h treatment, similar to HCT116 cells. We next performed Annexin-V/PI double staining to evaluate apoptosis-induced cell suicide, which may be another antitumor mechanism in addition to cell cycle arrest. [50] Annexin V (aV) reacted with phosphatidylserine was used as a marker of apoptosis. Presidium iodide (PI), which was utilized to detect plasma membrane integrity, was employed to detect necrotic cell death. Cell status was determined based on the percentage of aV−Vesidium iodideaV−/PI+ (necrotic), aV+/PI− (apoptotic), and aV+/PI+ (late apoptotic). HCT116 and NCM460 cells were stained and the apoptosis status of cells treated for 24 and 48 h are shown in Figure 4E ,F. In the SF-treated group, very few apoptotic cells were found, indicating the SF membranes had excellent cytocompatibility and promoted the proliferation of both HCT116 and NCM460 cells. Based on the results of cell cycle and apoptosis, we found that CUR/5-FU loaded membranes had a higher anticancer effect compared to the single drug-loaded membranes. These results indicated that the mechanisms of inhibition of both HCT116 and NCM460 cells were due to increased apoptosis associated with cell cycle arrest. The mechanism of CUR/5-FU induced cell apoptosis could be due to the inhibition of Stat3 and NF-κB signaling pathways.
Effect on Drug Resistance Inhibition
Several signaling pathways, such as Stat3 and NF-κB, play important roles in drug resistance of colorectal cancer cells after chemotherapies, such as with 5-FU. [51, 52] NF-κB is a crucial regulator of many physiological and pathophysiological processes including control of inflammation and cancer progression. Stat3 relays signals from activated receptors in the plasma membrane to the nucleus, where it accumulates and regulates target gene expression. [53] Combination treatment with drugs targeting these pathways presents synergistic effects. The protein expressions of P-Stat3 and P-P65 in HCT116 and NCM460 cells with the treatment of pure drugs and drug-loaded SF membranes were analyzed ( Figure 4G-J) . The expression of P-Stat3 and P-P65 decreased in the single CUR or 5-FU-treated groups as compared to either the control group or the SF group, suggesting that the CUR or 5-FU treatments can inhibit drug resistance. The CUR/5-FU treatment showed a stronger drug resistance-inhibiting effect, as the expression of both proteins was lower than the single CUR or 5-FU treatment. The strongest inhibition effect, especially on Stat3 signaling pathway, was observed in the SF membranes loaded with CUR/5-FU (0.3/0.5 wt%). These data indicated that the SF membranes as a delivery carrier may promote the antitumor effect of CUR and 5-FU through regulating Stat3 and NF-κB pathways. These results indicated that the Stat3 and NF-κB signaling pathway in HCT116 and NCM460 cells was suppressed due to the CUR/5-FU released from the drug-loaded SF membranes.
In Vivo Study of the Antitumor Effect
For toxicity analysis, the median lethal dose (LD 50 ) was used to evaluate acute toxicity as approved by the FDA in the previous study. [54] The control and SF membrane groups showed no difference in terms of tumor volumes; both increased to ≈350% after 12 days postsurgery (Figure 5B-a) . The body weight changes of mice were measured every two days. No significant difference was found between the control and SF-treated groups ( Figure 5B-b) . A significant decline of body weight was observed in the other three drug-treated groups from day 2, but no significant difference was found between these groups. These data indicated that the SF membranes as a drug delivery carrier were safe for use in vivo, without causing severe side effects. After the mice were sacrificed at day 12, the tumors were removed and processed for microscopy ( Figure 5B-c) . ) Western blot of GAPDH, NF-κB (P-P65), and P-Stat3 protein levels in HCT116 and NCM460 cells cocultured with experimental samples at 24 and 48 h. H,J) Expression of P-Stat3 protein levels in cell nucleus morphology determined by goat anti-rabbit IgG (green) and DAPI (blue). All the data were obtained from three independent experiments (n = 3). The statistical significance is expressed as *P < 0.05, **P < 0.01, and ***P < 0.001.
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The tumor volumes of the CUR/5-FU LD 50 combination group were 139.25 ± 9.59% compared to original volume after 12 days, smaller than that of the single 5-FU LD 50 treatment group (178.16 ± 10.89%) as well as the control and SF membrane groups, indicating a synergistic antitumor effect for the combination treatment, this is consistent with the in vitro results. The strongest antitumor effect was found in the group of CUR/5-FU (0.3/0.5%) loaded SF membranes; the tumor volume decreased to 99.97 ± 8.76% of initial volume. These data indicated that the SF membranes with controlled release features extended the duration for drugs to be absorbed by the tumor cells, resulting in improved antitumor effects. The expression of P-Stat3 and P-P65 in the tumors was analyzed, and the results were similar to that obtained in the in vitro study ( Figure 5B-d) .
Representative images for histopathology are illustrated in Figure 6A . Partial necrosis was found in the control and SF groups, mainly because of the rapid tumor growth. Single drug treatments with 5-FU LD 50 and the CUR/5-FU LD 50 treatment induced both necrosis and apoptosis, indicating that necrosis of intestinal cells was an unavoidable side effect of the localized high-concentration of 5-FU or CUR/5-FU treatment. However, CUR/5-FU (0.3/0.5 wt%) loaded membranes induced more apoptosis, while few necrotic cells were observed. The results showed that the drug-loaded membranes provided more efficient and sustained antitumor effects, mainly attributed to the drug-controlled release properties. [55, 56] Decreased levels of P-Stat3 were observed when treated with single 5-FU LD 50 or the CUR/5-FU combination. The group of CUR/5-FU (0.3/0.5 wt%) loaded SF membranes indicated the lowest level of P-Stat3 ( Figure 6B ). This result corresponded to the previous in vitro cell signaling analysis ( Figure 4G ), suggesting that the drug-loaded membrane could provide improved induction of apoptosis in vivo, which might be associated with the inhibited Stat3 signaling pathway. [55] Adv. Healthcare Mater. 2018, 7, 1801213 
Experimental Section
Experimental Design: PDO monofilament (Samyang Co., Korea) with a linear density of 105 tex and SF multifilament with a linear density of 5 tex were knitted into a tubular stent 60 ± 2 mm long and 25 mm in diameter using a circular weft-knitting machine (Model ST-06SL), needle number 22/44 needles, circular type, machine diameter: 30 mm, gauge: 7 (Shanghai Sailing Ltd. Co., China). Generally, the length and diameter of the stents can be adjusted according to computed tomography (CT) CT is a diagnostic imaging test used to create 3D and detailed images of internal organs, bones, and soft tissue like intestine and blood vessels. CT scanning is often the best method for detecting different cancers, since the images allow confirmation of the presence, size, and location of a tumor. In this study, the stent size was set based on commercially available metal stents. [57] Drug-loaded SF fibrous membranes were electrospun onto the surface of the prepared PDO/SF stents (Figure 7c,d) . Subsequently, disk-shape drug-loaded membranes were cut from the stent to investigate the in vitro and in vivo antitumor potential using HCT116, NCM460 cells, and BALB/c nude mice (Figure 7e-g) . Materials: Anticancer compounds, CUR and 5-FU, were obtained from Sigma (Springdale, AR, USA). PDO was purchased from Samyang Co., Korea. PEG with a molecular weight of 400 was purchased from Dow Chemical Company, USA. Mulberry silk was supplied by Shengzhou Xiehe silk Co., Ltd. China. Other reagents and solvents were purchased of analytical grade. HCT116 and NCM460 cells were obtained from the Cell Bank of the Chinese Academy of Science (Shanghai, China). BALB/c nude mice were supplied by the Laboratory Animal Center of Sun Yat-Sen University (Guangzhou, China).
Preparation of the CUR/5-FU Membranes: SF solution at 23 wt% was prepared following a standard procedure developed in our lab, which contains steps of degumming silk, fiber dissolution by lithium bromide, dialysis to remove salt, centrifugation to remove insoluble aggregates, and determination of SF concentration. [23, 24] Three different drug loaded membranes were prepared by mixing CUR/5-FU at concentration ratios of 0.15/0.25%, 0.3/0.5%, and 0.45/0.75% by weight to SF solution of 23 wt%. The above dual drugs were dissolved into 60% PEG-400 with an Ultrasonic cell disruptor (JY92-IIDN, China) at 40% power output for 30 min. The mixed solution containing drugs and SF was added to a plastic syringe with a stainless steel needle (inner diameter is 0.5 mm), and the plastic syringe was placed in a rotating electrospinning machine (NEC-10, Kato Tech Co., Ltd., Japan). The voltage was set at 25 ± 0.5 kV, the distance between the needle tip and the roller was set at 220 ± 5 mm, and the injection speed of spinning solution was set at 0.2 ± 0.05 mL h −1 . All samples were vacuumdried at 60 °C for 12 h to remove residual solvent before characterization.
Characterization on CUR/5-FU Loaded Membranes-Morphology and Pore Size Distribution:
The morphologies of the membranes were examined using SEM (Hitachi S-4800, Japan) at an acceleration voltage of 3 kV. All membranes were placed in fume hood for 12 h, then sputtercoated with gold (E-1045, Japan Co., Ltd.) for 90 s. Image J software (National Institute of Mental Health, USA) was used to measure the diameters of 30 fibers randomly chosen from the SEM images, and their mean value and standard deviation were calculated. The pore size distributions in the membranes were measured by a capillary flow porometer (Porometer 3G, Quanta chrome Instruments, USA). All tested samples were cut into round membranes with a diameter of 25 mm. During the measurement, the wetting liquid was expelled through the pores in samples. Air pressure was automatically applied on the membranes, and the air flow through the pores was accurately recorded. The actual pressure applied to the samples was measured independently.
Characterization on CUR/5-FU Loaded Membranes-Hydrophilicity Test:
In order to investigate the hydrophilicity of the membranes, the apparent contact angle was examined by a Krüss DSA 100 (Krüss Company, Germany) apparatus, using a sessile drop (5 µL drop of pure water) method. The apparent static contact angle values were measured by Image J software (National Institute of Mental Health, USA).
Characterization on CUR/5-FU Loaded Membranes-Structural Analysis:
The secondary structure of the drug-loaded membranes was examined using FT-IR with a MIRacle attenuated total reflection Ge crystal cell in the reflection mode (Nicolet 5700, Thermo Electron Corp, Waltham, MA). FT-IR wave numbers were set from 4000 to 400 cm −1 during 32 scans, with 2 cm −1 resolutions. The major vibration bands were attributed to specific chemical groups. The internal crystalline structure of the drug-loaded membranes was examined via an X-ray diffractometer (X'Pert-Pro MPD, PANalytical BV, Almelo, Netherlands) using a Cu Kα radiation source. 2D X-ray diffraction patterns were obtained at the following irradiation settings: Cu, Kα, wavelength 0.154 nm, range 5°-60°, 40 Kv, and 35 mA at a scanning rate of 5° min −1 .
Characterization on CUR/5-FU Loaded Membranes-Drug Release:
A membrane with 4 mg was soaked in 2 mL phosphate-buffered saline (PBS), pH = 7.4, at room temperature in a tube that was placed in a shaking water bath (Shanghai Yiheng Co., China) set at 100 cycles min −1 . The release solution of 1 mL was collected at 0, 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, 300, and 400 h intervals, and the release solution was supplemented with 1 mL PBS after sampling. The concentration of 5-FU in the release solution was measured by high performance liquid chromatography (1260 series, Agilent Technologies, USA) that was equipped with waters C 18 column (250 mm × 4.6 mm, 5 µm). Prior to the sample (10 µL) injection, the release solution was filtered with 0.22 µm filters. The UV absorbance wavelength of 265 nm was used for detection. The mobile phase was composed of 90% deionized water and 10% methanol ( streptomycin) (Gibco, Invitrogen) in a humidified incubator containing 5% CO 2 . The culture medium was refreshed every 48 h and the amount of cells was counted using a Cellometer Auto T4 (Nexcelom Bioscience LLC, USA). Disk-shaped samples were cut from the membrane and placed on the bottom of 6-well plates. The membrane was either fixed to the bottom of the wells with rubber rings or not fixed (membrane floated in the medium during culture). Prior to cell seeding, the membrane was presterilized under 60 Co radiation at 18 kGy (Irradiation Technology Institute of Soochow University, China). A total of 1.0 × 10 5 HCT116 and NCM460 cells in 2 mL medium were added into one well of 6-well plates containing experimental samples (Control, SF membrane, CUR of IC 50 , 5-FU of IC 50 , CUR/5-FU of IC 50 , CUR/5-FU loaded membranes of 0.15/0.25 wt%, 0.30/0.50 wt%, and 0.45/0.75 wt%). For imaging, cells were fixed with 4% paraformaldehyde in PBS (pH 7.4) for 5 min at room temperature, washed three times with PBS, and kept at 4 °C until use. The actin cytoskeleton and DNA were stained with rhodaminelabeled phalloidin and 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI), respectively, and observed using a Keyence BZ-X710 fluorescent microscope (Keyence, USA).
Characterization on CUR/5-FU Loaded Membranes-Cell Proliferation Assay: Both the antitumor effects on HCT116 cells and cytotoxicity on NCM460 cells of drug-loaded membranes were determined by CellTiter 96 Aqueous One Solution Cell Proliferation (MTS) assay. Briefly, 5.0 × 10 3 cells in 100 µL medium were precultivated in each well of the 96-well plates for 12 h and then the culture medium was replaced with treatment medium containing experimental samples as described above. After 12, 24, 48, 72, 96 , and 120 h incubation, the medium was aspirated and cells were washed with PBS for three times. Subsequently, 100 µL fresh serum-free medium supplemented with 20 µL CellTiter 96 Aqueous One Solution Reagent (Promega) was added and incubated for another 3 h. The absorbance values were measured at 490 nm using a microplate reader (Model Synergy 2, Bio-Tek, Vermont, USA) in a dark environment. Cell viability was calculated using Equation (1) 
Where the test groups were the cells subjected to different treatments, and the control groups were the untreated cells.
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Characterization on CUR/5-FU Loaded Membranes-Cell Cycle and Apoptosis Measurement: HCT116 and NCM460 cells were seeded in 6-well plates for 12 h, followed by coculturing with experimental samples as described above. After 24 and 48 h coculture, cells were harvested by trypsinization, washed, and resuspended in PBS. Then, 1.0 × 10 6 cells were fixed with ethanol (70%, −20 °C) by vortexing mildly and maintained at 4 °C for at least 12 h. Thereafter, the cells were resuspended in 1 mL PBS containing 50 µg mL −1 propidium iodide (PI) and 50 µg mL −1 RNase and incubated in the dark for 30 min at 25 °C. The stained cell samples were then read and analyzed using a BD FACS CatoII flow cytometer (BD Biosciences, USA). For apoptosis analysis, 3.0 × 10 6 cells of each experimental group were harvested, washed with PBS, and resuspended in 500 µL ice-cold binding buffer. After adding 5 µL of Annexin V-FITC and 10 µL of PI solutions, all samples were incubated in the dark for 5 min at 4 °C. The stained samples were read and analyzed using a BD FACS Cato II flow cytometer (BD Biosciences, USA).
Characterization on CUR/5-FU Loaded Membranes-Cell Western Blot Analysis: HCT116 and NCM460 cells were seeded in 6-well plates for 12 h, followed by coculturing with experimental samples as Experimental design: A) PDO polymer was synthesized by a conventional bulk ring-opening polymerization method; B) PDO monofilament was weft-knitted into a tubular stent; C) the principle diagram and photo of the modified electro spinning machine; D) the prepared stent with drugloaded coating membrane; E,F) antitumor effect of the drug-loaded membrane was examined in vitro and in vivo using HCT116, NCM460 cells, and BALB/c nude mice.
www.advancedsciencenews.com www.advhealthmat.de described above. After 24 h coculture, cells were lysed in the radioimmunoprecipitation assay (RIPA) buffer (50 × 10 −3 m Tris-HCl, pH 8.0, 150 × 10 −3 m NaCl, 0.5% sodium deoxycholate, 1% NP-40%, and 0.1% sodium dodecyl sulfate (SDS)), supplemented with 1% complete ethylene diamine tetraacetic acid (EDTA)-free protease inhibitor cocktail (Roche Diagnostics, Mannhein, Germany). The supernatant was separated by centrifugation at 12 000 rpm for 15 min at 4 °C and the protein concentration was detected by BCA protein assay kit (Thermo Pierce, USA) using bovine serum albumin as standard. Equal amounts of the protein extracts of each sample were mixed with 5× loading buffer and denatured in the boiling water for 10 min. Next, the samples were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred onto polyvinylidene fluoride membranes (Bio-Rad Laboratories, Hercules, CA). Each membrane was blocked at room temperature for 2 h and incubated with specific primary antibodies (signal transducer and activator of transcription 3 (Stat3), Cell Signaling Technology (CST), 4904S; NF-κB P65, CST, 8242) for 4 °C overnight. Then, the membranes were washed in tris buffer solution tween (TBST) and reacted with secondary horseradish peroxidase-conjugated antibody for 1 h at room temperature, and the immunoreactive bands were visualized using an ECL kit (Bio-Rad Laboratories, USA). Characterization on CUR/5-FU Loaded Membranes-Cell Immunocytochemistry: Cells were treated with experimental samples for 24 h and plated on a glass slide. The slides were air-dried for 15 min at room temperature and fixed with 3.7% formaldehyde. After washing, slides were incubated with a rabbit polyclonal anti-human E-cadherin IgG antibody (1/100 dilution) overnight at 4 °C. The day after, slides were washed and incubated with goat anti-rabbit IgG antibody (Thermo Fisher, A-11 034) (green) (1/100 dilution) for 1 h and DAPI (blue) for 5 min at the room temperature. Cells were observed using a Keyence BZ-X710 fluorescent microscope (Keyence, USA).
Characterization on CUR/5-FU Loaded Membranes-Animal Preparation:
A total of 25 female BALB/c nude mice (6-8 weeks old, 20 ± 2 g) were maintained in a pathogen-free environment (temperature 23 ± 2 °C and humidity 55 ± 5%) on a 12 h light, 12 h dark cycle with food and water supplied during the whole experimental period. Animal care and surgical protocols were approved by the Animal Care Committees of Sun Yat-sen University (Guangzhou, China). All animals were treated appropriately and used in a scientifically valid and ethical manner. To establish CRC allografts for in vivo studies, 2.0 × 10 5 HCT116 cells were subcutaneously injected into the right side of the back of BALB/c nude mice. After 10 days, all mice developed a tumor with a volume exceeding 100 mm 3 . The mice were randomly separated into five groups and five mice per group according to the volume of tumor that was calculated by Equation (2). The tumor volume and mice weight change ratios (%) were calculated using Equations (3) and (4) 
Where V, L, and W are the volume, length, and width of tumors, respectively; V 1 and V N are the tumor volume measured at first day and N days after implantation of samples, respectively; W 1 and W N are the mouse weight measured at first day and N days after treatment of samples, respectively.
The five groups were identified as follows: (1) did not take any treatment as control; (2) implantation with pure SF membrane; (3)-(4) intraperitoneal injection with either (3) 5-FU or (4) CUR/5-FU solution at a median lethal dose (LD 50 ); (5) implantation with CUR/5-FU (0.30/0.50 wt%) loaded membrane. After 12 days observation, all the mice were placed under general anesthesia by intraperitoneal injection of pentobarbital sodium (30 µg g −1 body wt%) and the membrane were implanted into the tumor, as shown in Figure 5A . Briefly, a straight skin incision about 1 cm was performed near the tumor and subcutaneous tissue around the tumor was separated slightly for embedding the membrane. Finally, the incision was sutured so that the tumor could be treated locally by the coating membrane.
Characterization on CUR/5-FU Loaded Membranes-H&E Staining Analysis: Twelve weeks after implantation, mice were euthanized and the specimens along with the adjacent tissues were collected for histological examination. All the tumors were fixed in 10% formalin solution, embedded in paraffin, and sectioned at 5 µm thickness. Sections were then stained with hematoxylin and eosin (H&E) (Sigma-Aldrich, St. Louis, MO) to visualize the cell nuclei and cytoplasm. A slide of each tumor was evaluated and digital imaged at a high magnification (50× and 200×-fold) using the Leica DM IRB inverted research microscope (Leica Microsystems, Wetzlar, Germany).
Characterization on CUR/5-FU Loaded Membranes-Animal Xenograft Western Blot Analysis: Tumors were lysed in RIPA buffer, supplemented with 1% complete EDTA-free protease inhibitor cocktail (Roche Diagnostics, Mannhein, Germany). The supernatant was separated by centrifugation at 12 000 rpm for 15 min at 4 °C and the total protein concentration was determined by BCA protein assay kit (Thermo Pierce, USA) using bovine serum albumin as standard. Protein samples were mixed with 5 × loading buffer, denatured in the boiling water for 10 min and stored at −20 °C until use. Protein expression was determined as described above.
Statistical Analysis: Each experiment was repeated three times and all data sets were expressed in terms of their mean ± standard deviation. P-values were performed using one-way ANOVA. Statistical analysis was carried out using statistical product and service solutions Software. The statistical difference between two groups of data was considered to be significant when *P < 0.05, **P < 0.01.
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